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PUMPING CIRCUIT AND FLAT PANEL DISPLAY DEVICE 

CROSS-REFERENCE TO RELATED APPLICATION 
This application is based upon and claims the benefit of priority under 
5 35USC § 119 to Japanese Patent Application No.2000- 162780, filed May 31, 2000 
and No.2001-4163, filed January 11, 2001; the entire contents of which are 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1 0 1. FIELD OF THE INVENTION 

The present invention relates to a flat panel display device in which a 
pixel portion and a driving circuit for driving the pixel portion are integrally 
formed on the same substrate, and to a pumping circuit used for the flat panel 
display device. 

1 5 2. DESCRIPTION OF THE RELATED ART 

In recent years, an active matrix type hquid crystal display device in 
which a TFT (a thin film transistor) is disposed for each pixel as a switching 
element has come to a mainstream of a flat panel display device. Development 
of a hquid crystal display device has been lately progressed, in which a driving 

20 circuit and a power source circuit are integrally formed on an array substrate 
having a pixel portion formed thereon. 

In the hquid crystal display device of such a kind, various kinds of clock 
signals and a power source voltage are supphed from an external control circuit 
to the driving circuit and the power source circuit on the array substrate. At 

25 present, in order to make the external control circuit in a compact size, it has 
been investigated to arrange a pumping circuit, which is included in the external 
control circuit, on the array substrate. However, since a capacitor having a large 
capacitance, which is necessary for the pumping circuit, cannot be formed on the 
array substrate in present fabrication processes, the external control circuit 

30 cannot be made in a more compact size. Furthermore, if the pumping circuit can 
be fabricated in the same fabrication processes as those for fabricating the pixel 
portion and the driving circuit, the pumping circuit can be fabricated in cost 
lower than a case where the pumping circuit is mounted on the external control 
circuity Nevertheless, as described above, since the pumping circuit cannot be 

35 formed on the array substrate, it is impossible to fabricate the pumping circuit in 
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low cost. 

On the other hand, an operation to form a TFT on a glass plate like an 
array substrate makes fabrication processes difficult, and transistor 
characteristic are made to be unstable in many cases. Accordingly, when the 
5 pumping circuit is formed on the array substrate, the characteristics of the TFT 
constituting the circuit are expected to become unstable. In this case, a problem 
that variations in a threshold occur and an output voltage from the pumping 
cu'cuit becomes unstable is caused. 

Furthermore, when the TFT on the array substrate is formed of 
10 polycrystalline Si, performance of the TFT formed of the polycrystalline Si is 
inferior to that formed of a single crystal Si. When a gate length of the TFT 
formed of the polycrystalline Si is made to be longer to compensate the inferiority 
to the TFT formed of the single crystal Si, an area required to a circuit 
arrangement becomes large. Accordingly, in the case where the pumping circuit 
1 5 arranged on the array substrate is constituted of the TFT, a problem that a fringe 
region around the pixel portion becomes large is caused. 

SUMMARY OF THE INVENTION 
The object of the present invention is to provide a flat panel display 
device, which achieves a compact sized and low cost external control circuit. 
20 Another object of the present invention is to provide a pumping circuit 

capable of stabilizing an output voltage therefrom without being influenced by 
TFT fabrication processes. 

StiQ another object of the present invention is to provide a flat panel 
display device capable of arranging a pumping circuit on an array substrate 
2 5 without enlarging a fringe region thereof 

To achieve the above-described objects of the present invention, a first 
aspect of the present invention is a flat panel display device which comprises: a 
first substrate including a plurality of scanning lines, and a plurality of signal . 
lines intersecting the scanning lines, a switching element arranged on an 
30 intersection point of each of the scanning lines and the signal Unes, a pixel 
electrode connected to the switching element; a second substrate including an 
opposite electrode opposite to the pixel electrode; a display layer held between 
said first and second substrates; a data driver which supphes a data signal to 
each of the signal hnes; and a scan driver which supphes a scanning signal to 
35 each of the scanning hnes, wherein a control signal and a power source voltage 
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are supplied from an external control circuit to the data driver and the scan 
driver, and wherein a control signal and a power souixe voltage jErom an external 
control circuit are supplied to the data driver and the scan driver, and wherein at 
least one pumping circuit included in the external control circuit is arranged on 
the first substrate, and a first capacitor connected to a clock input poi'tion of the 
pumping circuit and a second capacitor connected between an output portion and 
the gi'ound are arranged outside the first substrate. 

To achieve another object of the present invention, a second aspect of the 
present invention is a pumping circuit which comprises a first transistor having 
a first electrode region and a third electrode region supplied with a power source 
voltage and a second electrode region connected to a potential of a first 
intermediate node; a second transistor having a first electrode region supplied 
with the power source voltage, a second electrode region connected to a potential 
of a second intei*mediate node and a third electrode region connected to the 
potential of the first intermediate node; and a third transistor having a first 
electrode region connected to the potential of the second intermediate node, a 
second electrode region connected to an output portion together with a third 
capacitor, and a third electrode region connected to the potential of the first 
intermediate node, wherein a first clock input portion for receiving a first clock 
signal through a first capacitor is connected to the first intermediate node, and a 
second input portion for receiving a second clock signal through a second 
capacitor is connected to the second intermediate node. 

To achieve another object of the present invention, a third aspect of the 
present invention is a pumping circuit, wherein a first transistor of a first 
conductivity type and a second transistor of a second conductivity type are 
connected in series, and two transistor pairs, each being composed of the first 
and second transistor, are connected in series. 

To achieve another object of the present invention, a fourth aspect of the 
present invention is a pumping circuit, wherein a first transistor of a first 
conductivity type and a second transistor of a second conductivity type are 
connected in parallel, and two transistor pairs, each being composed of the first 
and second transistors, are in series.. 

To achieve another object of the present invention, a fifth aspect of the 
present invention is a pumping circuit comprises: a first pumping circuit in 
which a first transistor of a first conductivity type and a second transistor of a 



second conductivity type are connected in series, and two transistor pairs, each 
being composed of the first and second transistors, are in series connected; a 
second pumping circuit in which a first transistor of the second conductivity type 
and a second transistor of the first conductivity ty]De are connected in series, and 
two transistor pan^s, each being composed of the first and second transistors, are 
in series connected; and an operational amphfier which receives an output fi'om 
the first pumping circuit as a positive polarity power source and an output from 
the second pumping circuit as a negative polai-ity power soui-ce. 

To achieve still another object of the present invention, a sixth aspect of 
the present invention is a flat panel display device which comprises: a first 
substrate including a plurality of scanning Hnes, and a plurahty of signal lines 
intersecting the scanning lines, a switching element arranged on an intersection 
point of each of the scanning lines and the signal lines, a pixel electrode 
connected to the switching element; a second substrate including an opposite 
electrode opposite to the pixel electrode; a display layer held between said fiirst 
and second substrates; a data driver which supphes a data signal to each of the 
signal lines; and a scan driver which supplies a scanning signal to each of the 
scanning hnes, wherein a control signal and a power source voltage from an 
external control circuit are suppKed to the data driver and the scan driver, and 
wherein at least one pumping circuit included in the external control circuit is 
arranged in an area opposite to an area in which the scan driver on the first 
substrate is arranged. 

In one preferred embodiment of the present invention, the first substrate 
is an array substrate, and the second substrate is an opposite substrate. The 
display layer is either a liquid crystal layer or a fluorescent light emission layer. 
The first capacitor is an input side capacitor, and the second capacitor is an 
output side capacitor. 

In one preferred embodiment of the present invention, the first electrode 
region is a source electrode, a second electrode region is a drain electrode, and 
the third electrode region is a gate electrode. The first intermediate node is a 
node pg, and the second intermediate node is a node ps. 

Furthermore, the first and second .conductivity types are opposite types 
to each other. Specifically, if the fi.rst conductivity type is an n type, the second 
conductivity type is a p type. If the first conductivity type is the p type, the 
second conductivity type is the n type. 



BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a circuit diagi'am of a liquid crystal display device according to a 
first einbodinient of the present invention. 

FIG. 2A is a circuit diagram of a pumping circuit shown in FIG. 1. 

FIG. 2B is an equivalent circuit diagram of FIG. 2A. 

FIG. 3A to FIG. 3C are timing charts for explaining an operation of the 
pumping circuit shown in Fig. 2A. 

FIG. 4 is a circuit diagram of a pumping circuit according to a second 
embodiment of the pi-esent invention. 

FIG. 5A to FIG. 5E ai*e timing charts for explaining an operation of the 
pumping circuit shown in FIG. 4, 

FIG. 6 is a circuit diagram of a pumping circuit according to a third 
embodiment of the present invention. 

FIG. 7 is a circuit diagram showing another constitution example of the 
pumping circuit according to the third embodiment. 

FIG. 8 is a circuit diagram showing still another constitution example of 
the pumping circuit according to the third embodiment. 

FIG. 9 is a circuit diagram of a liquid crystal display device according to a 
fourth embodiment of the present invention. 

FIG. 10 is a circuit diagram of a liquid crystal display device according to 
a fifth embodiment of the present invention. 

FIG- 11 is a circuit diagram showing a constitution for switching a signal 
in a sixth embodiment of the present invention. 

FIG. 12 is a circmt diagram of a liquid crystal display device according to 
a seventh embodiment of the present invention. 

FIG. 13 is a circuit diagram of a liqxud crystal display device according to 
an eighth embodiment of the present invention. 

FIG. 14 is a circuit diagram showing an example in which a bypass 
capacitor is arranged on an array substrate in the eighth embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Preferred embodiments of the present invention will be described with 
reference to the accompanying drawings below. Herein, descriptions are made 
for a pumping circuit and a flat panel display device of the present invention 
when the pumping circuit and the flat panel display device are applied to an 
active matrix type hquid ciystal display device. 



Embodiment 1 

FIG. 1 is a circuit diagi'am of a liquid ciystal display device according to a 
first embodiment of the present invention. In FIG. 1, illustrations of an array 
substrate and an opposite substrate arranged oppositely to the array substrate 
are omitted. 

On an array substrate 101, arranged are a pixel portion 103, a scan 
driver 104, a data driver 105 and a pumping circuit 10. 

A plurality of signal lines Si, S2, S3, ~ (hereinafter generically referred 
to as S) and a plurality of scanning lines Gl, G2, — (hereinafter genericaUy 
referred to as G), which intersect with each other, are arranged in the pixel 
portion 103. A TFT 11 is connected to an intersection point of each of the signal 
lines and the scanning lines. The signal lines and the scanning lines G are 
electrically isolated from each other by an insulating film (not shown). 

A source electrode of the TFT 11 is connected to the signal line S, and a 
drain electrode thereof is connected to a pixel electrode 12. Each pixel electrode 

12 corresponds to a plurality of pixels constituting the pixel portion 103. An 
opposite electrode (not shown) opposite to corresponding one of the pixel 
electrodes 12 is formed on an opposite substrate side (not shown). A common 
voltage is apphed to the opposite electrode (not shown) from an external control 
circuit 102. A Hqviid crystal layer (not shown) as a display layer is held between 
the pixel electrode 12 and the opposite electrode (not shown). 

An auxiliary capacitor 13 is in parallel connected to the pixel electrode 12 
to keep a potential relation with the opposite electrode. The auxiliary capacitor 

13 forms a capacitance Cs between the pixel electrode 12 and each of auxiUaiy 
capacitor Hnes Cl, C2, — (hereinafter generically referred to as C). The 
auxiliary capacitor line C is connected to the auxiliary capacitor 13 of each pixel. 
A constant voltage is applied to the auxiliary capacitor line C from the external 
control cii'cuit 102. 

The scan driver 104 outputs scanning signals for one horizontal scanning 
period in the order of the scanning lines Gl, G2, — . A vertical clock signal CKV 
and a vertical staj.i: signal STV are suppHed to the scan driver 104 fr-om the 
external control circuit 102. The vertical start signal STV is sequentially shifted 
by a shift register (not shown) in synchronization with the vertical clock signal 
CKV. An output from the shift register is level-converted to a required voltage 
by a level shift circuit (not shown), and power-amplified by a buffer (not shown). 



Thereafter, the output fi'om the shift register, which has been level-converted 
and power-ampHfied, is sequentially output to the corresponding scanning lines 
Gl, G2, — as a scanning signal. 

The data driver 105 controls a turning on/off of an analog switches (not 
shown) and samples video data supplied to a video bus (not shown) on the signal 
lines Si, S2, S3, — . Then, the video data is held for a certain period of time. Video 
data, a horizontal clock signal CKH and a horizontal start signal STH are 
supplied from the external control circuit 102 to the data driver 105. The 
horizontal start signal STH is sequentially shifted by a shift register (not shown) 
in synchronization with the horizontal clock signal CKH. The analog switches 
are sequentially turned on by outpiuts from the shift register, and video data is 
sampled on the signal lines 81, S2, S3, ™. Then, the video data is held for a 
certain period of time. It should be noted that the driving system for driving the 
data driver might be a digital/analog conversion system in addition to the analog 
sample hold system of this embodiment. 

The scan driver 104 and the data driver 105 are drives by power source 
voltages VDDl and VDD2. The power source voltage VDDl is suppHed from a 
pumping circuit (not shown) for the power source voltage VDDl, which is 
arranged in the external control circuit 102, The power source voltage VDD2 is 
supplied from the pumping circuit 10 for the power somxe voltage VDD2, which 
is arranged on the array substrate 101. 

The pumping circuit 10 receives the power source supply of VDDl fr'om 
the external control circuit 102. The power source voltage VDDl is boosted to 
the power supply voltage VDD2 by the pumping circuit 10, and supplied to the 
scan di-iver 104 and the data driver 105. 

An output side capacitor 15 provided between an output portion of the 
pumping circuit 10 and the ground potential GND, and an input side capacitor 
16 provided in a clock input portion of the pumping circuit 10 are arranged 
outside of the array substrate 101. These capacitors are provided to lessen a 
variation of ah output voltage, and should have a large capacitance. In this 
embodiment, the output side capacitor 15 and the input side capacitor ,16 are 
both arranged in the external control circuit 102. Note that, in FIG. 1, the 
output side capacitor 15 is illustrated outside of the external control circuit 102 
to make it easy to understand the relation between the output portion of the 
pumping circuit 10 and the ground. Describing a constitution of the output side 



capacitor 15, the following constitution is conceived. For example, a wiring from 
the output portion of the pumping circuit 10 is guided to the external control 
circuit 102 through an electrode pad 17, and the output side capacitor 15 is 
formed between the wii'ing and the gi'ound potential GND provided inside the 
external control circuit 102. Note that the output side capacitor 15 and the input 
side capacitor 16 should be arranged outside the array substrate 101 and both of 
them need not to be arranged inside the external control circuit 102. For 
example, the output side capacitor 15 may be arranged inside the external 
control circuit 102, and the input side capacitor 16 may be aiTanged outside the 
external control circuit 102. Alternatively, the input side capacitor 16 may be 
arranged inside the external control circuit 102, and the output side capacitor 15 
may be arranged outside the external control circuit 102. 

The output side capacitor 15 is connected to the auxiliary capacitor 13 of 
each pixel through the auxiliary capacitor line C. In such a way, by connecting 
the airxiUary capacitor 13 fitted to each pixel and the output side capacitor 15 
arranged outside the ai^ray substrate 101, a capacitance component of the output 
side capacitor 15 can be increased. Accordingly, the output voltage can be 
further stabilized, ^¥hen the screen is made to have high density or to be large, 
if a total sum of the capacitances Cs of the auxiliary capacitors 13 is sufficiently 
large, a capacitance of the output side capacitor 15 arranged outside the array 
substrate 101 can be made small, or the output side capacitor 15 itself can be 
made unnecessary. 

The external control circuit 102 is constituted of a control IC, a 
digital/analog converter (hereinafter referred to as a D/A converter), a level shift 
circuit, a pumping cii-cuit and the like, which are not illustrated. The external 
control circuit 102 generates the vertical clock signal CKV, the vertical start 
signal STV, the horizontal clock signal CKH, the horizontal start signal STH, the 
clock signal CKU and the like based on a reference clock signal supphed from the 
outside and the hke. The clock signal CKU among these signals is a clock signal 
for driving the pumping circuit 10. Furthermore, the external control circuit 102 
converts digital video data supphed firom the outside into analog video data. The 
pumping circuit for the power source voltage VDDl, which is arranged in the 
external control circuit 102, generates the power source voltage VDDl based on a 
reference voltage supplied fi:om the outside. In addition, the external control 
circuit 102 generates a common voltage to be supphed to an opposite electrode 
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(not shown), a power source voltage VDDP for driving the pumping ch*cuit 10 
and the like. Note that a supply line used for supplying the power source 
voltage VDDP is not illustrated. 

The external control circuit 102 and the array substrate 101 are 
5 connected by a flexible wiring substrate (not shown). The vei-tical clock signal 
CKV and the vertical start signal STV are supplied to the scan driver 104. The 
analog video data, the horizontal clock signal CKH and the horizontal start 
signal STH are supplied to the data driver 105. The clock signal CKU and the 
power source voltage VDDP are supplied to the pumping circuit 10. Note that, 

10 to simplify the drawing of FIG, 1, only one wiring is illustrated as supply lines for 
supplying these signal. 

According to the hquid crystal display device 100 of the embodiment 1, 
since a location of the body of the pumping circuit 10 can moved from the 
external control circuit 102 onto the array substrate 101, the external control 

15 circuit 102 can be made to be compact in size. The body of the pumping circuit 
10 can be fabricated in the same fabrication processes as those of the pixel 
portion 103, the scan driver 104 and the data driver 105. Therefore, the Hquid 
crystal display device 100 can be fabricated in lower cost compared to the case 
where the pumping circuit 10 is arranged in the external control circuit 102. 

20 Furthermore, in the liquid ciystal display device 100 according to the 

embodiment 1, the output and input side capacitors 15 and 16 of the pumping 
circuit 10 can be designed so that they have a large capacitance. Accordingly, 
similarly to the case where the pumping circuit 10 is arranged in the external 
control circuit 102, the output voltage can be stabilized. Particularly, in the case 

25 where the liquid crystal display device 100 is constructed in such a way that the 
output side capacitor 15 is connected to the auxiliary capacitor 13 through the 
auxiliary capacitor line C, a capacitance component of the output side capacitor 
15 can be increased. Accordingly, the output voltage can be further stabilized. 

Specifically, in the liquid crystal display device 100 according to the 

30 embodiment 1, not only the output voltage from the pumping circuit 10 can be 
stabiHzed, but also the compact size and low cost of the external conti-ol circuit 
. 102 can be realized. 

To realize the compact size and low cost of the external control circuit 102, 
at least one pumping circuit included in the external control circuit 102 may be 

35 arranged on the array substrate 101, and the output side capacitor of this 
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pumping circuit and the input side capacitor thereof may be arranged outside the 
array substrate 101. For example, the pumping circuit for the power source 
voltage VDDl or other pumping circuits may be on the array substrate 101 
instead of the pumping circuit 10 for the power source voltage VDD2. In 
addition, a plurahty of these pumping circuits may be together arranged on the 
array substrate 101. 

Next, a circuit structure of the pumping circuit 10 and an operation 
thereof wiD be described. FIG. 2A is a circuit diagi'am of the pumping circuit 10, 
and FIG. 2B is an equivalent circuit diagram of the pumping circuit 10. In FIGS. 
2A and 2B, the same constituent components as those in FIG. 1 are represented 
by the same reference numerals. 

The pumping circuit 10 is constituted of two N channel TFTs 17 and 18, 
the output side capacitor 15 and the input side capacitor 16. A drain electrode 
side of the N channel TFT 17 is connected to somxe and gate electrodes of the N 
channel TFT 18. Furthermore, the output side capacitor 15 and the input side 
capacitor 16 are connected to a drain electrode of the N channel TFT 18 and the 
source electrode thereof, respectively. In the drawings, reference symbol pg 
denotes an intermediate node. 

FIG. 3A to FIG. 3B are timing charts for explaining the operation of the 
pumping circuit 10. The operation of the pumping circuit 10 will be described 
with reference to FIG. 2 and FIG. 3 below. 

First, the clock signal OKU having an ampHtude Vs is input from the 
clock input portion 14. For example, a square wave having an amplitude of 10 V 
and a frequency of 1.5 MHz as shown in FIG. 3Ais input. Moreover, for example, 
DC of lOV (not shown) is input to the power source input portion 21 as the power 
source voltage VDDl. 

In the intermediate node pg, the following voltage is maintained in 
accordance with a waveform of the input wave. Specifically, during a period of 
time when the clock signal CKU is not being input from the clock input portion 
14, that is, during a period of time when the voltage is zero, a voltage obtained by 
subtracting the threshold Vth of the N channel TFT 17 from the power source 
voltage VDDl is maintained. For example, assuming that the threshold Vth of 
the N channel TFT 17 be 2V, the intermediate node pg is maintained at 8V 
(VDDl - Vth). Furthermore, during a period of time when the clock signal CKU 
is being input from the clock input portion 14, that is, a pei'iod of time when the 
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voltage is lOV, a waveform having an amplitude boosted by a boosting ratio a is 
obtained. For example, when the boosting i-atio a is 1, the waveform having an 
amplitude ranging from 8V to 18V, that is, VTDDl - Vth + aVs, is obtained as a 
pulse waveform, as shown in FIG. 3B. The waveform having the amplitude 
ranging fi'om 8V to 18V means the one changing its amplitude between 8V and 
18V. The voltage at the output portion. 22 is gi-aduaUy boosted as the clock 
signal CKU is input to the clock input portion 14. Finally, the output voltage 
having the aimplitude equal to VT)D1 - 2Vth + aVs is obtained. For example, in 
FIG. 3C, when it is assumed that a threshold Vth of the N channel TFT 18 be 2V, 
the output voltage of 16V is obtained. This output voltage is output as the power 
source voltage VDD2 shown in FIG. 1. 
Embodiment 2 

In the embodiment 2, a constitution for stabilizing the output voltage of 
the pumping circuit, which is arranged on the array substrate, is described. 

A basic constitution of a liquid crystal display device of the embodiment 2 
is the same as that of the embodiment 1, and descriptions thereof are omitted. 
Herein, only a constitution of a portion characteristic of the charging pumping 
circuit according to the embodiment 2 is described. 

FIG. 4 is a circuit diagram of the pvmiping circuit according to the 
embodiment 2. The pumping circuit 20 of FIG. 4 is constituted by a N channel 
TFT 25, a N channel TFT 26, a P channel TFT 27, input side capacitors 29 and 
32, and an output side capacitor 35. 

The N channel TFT 26 and the P channel TFT 27 are connected in series. 
A drain electrode side of the N channel TFT 25 is connected to gate electrodes of 
the N channel TFT 26 and the P chaimel TFT 27 through an intermediate node 
pg. A clock signal CKU is supplied from a clock input portion 28 to the gate 
electrodes of the N and P channel TFTs 26 and 27 through the input side 
capacitor 29. An inverted clock signal /CKU obtained from the clock signal CKU 
is input from a clock input portion 31 to an intermediate node ps, which is an 
intei-mediate connection point of the N and P channel TFTs 26 and 27, through 
the input side capacitor 32. 

In FIG. 4, the input side capacitors 29 and 32 correspond to the input 
side capacitor 16 of FIG. 1. The output side capacitor 35 provided between an 
output portion 34 and the ground GND corresponds to the output side capacitor 
15 of FIG. 1. Moreover, a power source voltage VDD corresponds to the power 
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source voltage VDDl of FIG, 2A for example. 

FIG. 5A to FIG. 5E are timing charts for explaining an operation of the 
pumping cii'cuit 20. The operation of the pumping circuit 20 will be described 
with reference to FIG. 5 below. 

The clock signal CKU having an amplitude Vs is input from the clock 
input portion 28 to the pumping circuit 20, and the inverted clock signal /CKU 
having the same amplitude Vs is input from the clock input portion 31 thereto. 
For example, a square wave having the amplitude of 10 V as shown in FIG. 5A 
and a frequency of 1.5 MHz and a inverted square wave obtained from the 
square wave as shown in FIG. 5B are input. For example, DC of 10 V is input to 
an input portion 33 as the power source voltage VDD. 

In the intermediate node pg, the following voltage is maintained in 
accordance with the clock signal CKU that is input to the pumping circuit 20. 
Specifically, during a period of time when the clock signal CKU is not being input, 
a voltage obtained by subtracting the thi^eshold Vth of the N channel TFT 25 
from the power source voltage VDD is maintained. For example, assuming that 
the threshold Vth of the N channel TFT 25 be 2V, the intermediate node pg is 
maintained at 8V (VDD - | Vth I ) as shown in FIG. 5C. Furthermore, during a 
period of time when the clock signal CKU is being input, a waveform having an 
ampUtude boosted in a boosting ratio a is obtained. For example, when the 
boosting ratio a is 1, the waveform having an ampUtude ranging from 8V to 18V, 
that is, VDD + Vs - 1 Vth I , is obtained as shown in FIG. 5C. When the N channel 
TFT 26 is being turned on, that is, during a period of time when the clock signal 
CKU is equal to Vs, the intermediate node ps is maintained at the power source 
voltage VDD* For example, when the intermediate node pg is maintained at 
18V and the power source voltage VDD is equal to lOV, the intermediate node ps 
is maintained at lOV. On the other hand, when the N channel TFT 26 is being 
turned o£f, that is, during a period of time when the clock signal CKU is equal to 
OV, a potential of the clock signal CKU is raised by the ampUtude Vs of the 
inverted clock signal /CKU at the rise of the clock signal CKU instantaneously, 
as shown in FIG. 5D. Thereafter, the potential drops. For example, when the 
ampUtude of the inverted clock signal /CKU is equal to lOV, the potential of the 
clock signal CKU is raised to 20V (VDD Vs) at the rise thereof instantaneously, 
and then drops gradually. When the P channel TFT 27 is tiurned on, that is, 
during a period of time when the inverted clock signal /CKU is equal to Vs, a 
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current flows into the output portion 34 from the intermediate node ps, and the 
voltage (VDD + Vs) at the intermediate node ps at this time is the output voltage 
of the pumping circuit 20. For example, when the intermediate node pg is at 8V 
and the intermediate node ps is at 20V, the output voltage of 20V is obtained. 

In FIG. 4, when the threshold Vth of the N channel TFT 26 is larger than, 
for example, a design value due to a variation of a transistor characteristic, VDD 
- I Vth I becomes small. For this reason, since only by the output fi'om the N 
channel TFT 26, the charging pumping circuit 20 cannot supply an output 
voltage that is originally required, the pumping circuit becomes incapable of 
allowing the driving circuits to operate normally. However, in the pumping 
circuit 20 of the embodiment 2, the potential is instantaneously raised by the 
amphtude of the inverted clock signal /CKU irrespective of the variation in the 
threshold Vth of the N channel TFT 26. Therefore, the voltage (VDD + Vs) at 
the intermediate node ps at this time is fetched out as the output voltage, 
whereby it is possible to obtain the output voltage that is always stable. 

Accordingly, in the pumping circuit 20 according to the embodiment 2, 
the effect that the output voltage can be stabihzed without being influenced by 
the fabrication processes of the TFT can be obtained in addition to the effect of 
the embodiment 1. 
Embodiment 3 

In the embodiment 3, descriptions for a constitution for stabihzing an 
output voltage of a pumping circuit arranged on an array substrate similarly to 
the embodiment 2 will be made. 

A basic constitution of a liquid crystal display device according to the 
embodiment 3 is the same as that of the embodiment 1, and descriptions thereof 
are omitted. Herein, only a constitution characteristic of the pumping circuit 
according to the embodiment 3 will be described. 

FIG. 6 is a circuit diagram of the pumping circuit according to the 
embodiment 3. The pumping circuit 30 is constituted of two diode circuits 36 
and 38, an output side capacitor 42 and an input side capacitor 44. The diode 
circuit 36 is constituted of an N channel TFT 136 and a P channel TFT 137, 
which are connected in series. The diode circuit 38 is constituted of an N 
channel TFT 138 and a P channel TFT 139, which are connected in series. 
Furthermore, these two diode circuits 36 and 38 are connected to each other in 
series. VT)D as a power source is input to an input portion 45 of the pumping 
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circuit 30 from the outside, and a clock signal CKU is input to a clock input 
portion 43. 

In FIG. 6, the input side capacitor 44 corresponds to the input side 
capacitor 16 of FIG. 1. The output side capacitor 42 provided between an output 
portion 41 and the gi'ound GND coiTesponds to the output side capacitor 15 of 
FIG. 1. 

In the diode circuit 36 and 38 constituted as described above, the 
threshold of two TFTs having the different polarities, which constitute the diode 
circuits, can be roughly represented as Vthn (Nch TFT) + Vthp (Pch TFT). 
Specifically, when the threshold of either the N channel TFT or the P channel 
TFT becomes different firom a design value due to variations of the fabrication 
processes, a value of Vthn + Vthp is constant. Accordingly, in the pumping 
circuit 30 according to the embodiment 3, the output voltages Vgl and Vg2 can 
be stabilized without being influehced by the TFT fabrication processes. 

For example, in an experimental example in which the pumping circuit 
30 of FIG. 6 was used, when Vthn was equal to 2.5V and Vthp was equal to -1.5V 
or when Vthn was equal to 1.5V and Vth p was equal to -2.5V, the same output 
voltage could be obtained. 

Furthermore, as a comparison example, the two diode circuits 36 and 38 
of FIG. 6 was constituted by P channel TFTs having the same polarity, and the 
two diode circuit 36 and 38 were allowed to operate under the same conditions. 
In this case, when Vthn was equal to 2.5V and Vthp was equal to -1.5V, the 
output voltage was made to be lower by 2V than that when Vthn was equal to 
1.5V and Vthp was equal to -2.5V. Thus, uneyenness in display on the screen 
happened to appear. 

FIG. 7 is a circuit diagram showing another constitution example of the 
embodiment 3. In the pumping circuit 40 shown in FIG. 7, an N channel TFT 
and a P channel TFT are connected in parallel with each other, and two diode 
circuits 46 and 47, which are constituted of these TFTs, are in series connected to 
each other. When the pumping circuit 40 is constituted by the circuit structure 
shown in FIG. 7, the same effects as that of FIG. 6 can be obtained. 

Fig. 8 is a circuit diagram showing still another constitution example of 
the embodiment 3. Fig. 8 shows the constitution example in which the pumping 
circuit 40 and an operational ampUfier 50 are connected to the pumping circuit 
30 of FIG. 6. 
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The pumping circuit 40 has a cii'cuit structm^e obtained by replacing the 
N channel TFT and the P channel TFT of the two diode circuits 36 and 38 
included in the pumping circuit 30 respectively with the opposite polarity TFTs, 
The pumping cii'cuit 30 generates an output voltage having a positive polarity, 
and the pumping circuit 40 generates an output voltage having a negative 
polarity. The output voltages of the positive and negative polarities generated 
by the pumping circuits 30 and 40 are respectively input to the operational 
amplifier 50 as the positive and negative power sources. The power source 
voltage VDD is input from the outside as a reference voltage. 

In the circuit constituted as above, even when the threshold of the TFT 
constituting the pumping circuits 30 and 40 becomes different firom a design 
value due to variations of the fabrication processes, variations of the positive and 
negative output voltages output from these circuits are regulated by the 
operational amplifier 50. Specifically, since the variations of the output voltages 
due to the influences of the TFT fabrication processes can be almost entirely 
removed in the operational amplifier 50, the output voltages Vgl and Vg2 can be 
stabihzed. Moreover, the output voltages Vgl and Vg2 can be set to any value by 
regulating values of resistors arranged on the output side of the operational 
amplifier 50. 

The operational amplifier 50 shown in FIG. 8 can be combined with the 
pumping circuit of another embodiment. Also in this case, two pumping circuits, 
which generate positive and negative output voltages respectively, and the 
operational amplifier 50 are combined. 
Embodiment 4 

In the embodiment 4, a constitution will be described in which the 
external control circuit 102 further realizes a more compact size and lower cost. 

FIG. 9 is a circuit diagram of a liquid crystal display device 200 according 
to the embodiment 4. Fig. 9 is the circuit diagram which corresponds to that of 
FIG. 1, and the same constituent components as those of FIG. 1 are represented 
by the same reference numerals. A basic constitution of the liquid crystal 
display device 200 according to the embodiment 4 is the same as that of the 
embodiment 1. Herein, to ehminate redundant descriptions, descriptions for the 
constitution and the effect common to those of the embodiment 1 are omitted, 
and a constitution and its efiect, which are characteristic of the embodiment 4, 
will be described. 
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The pumping circuit 10 receives a supply of a power source VDDP for 
driving it fii'om an external control circuit 102. The power source voltage VDDP 
is boosted to VDD2, and then supplied to a scan driver 104 and a data di^iver 105. 
A power source voltage VT)D1 is supplied to the scan driver 104 and the data 
driver 105 ft'om a pumping circuit for the power source voltage \T)D1 arranged 
in the external control circuit 102 similarly to the embodiment 1. 

The pumping circuit 10 receives a supply of a horizontal clock signal 
CKH fi-om the external control ciixuit 102. The horizontal clock signal CKH is 
boosted to a potential equal to the clock signal CKU of the embodiment 1 by a 
level shift circuit 19, and then input to the pumping circuit 10. Note that a 
horizontal start signal STH instead of the horizontal clock signal CKH may be 
input to the pumping circuit 10, and the horizontal start signal STH may be 
boosted to the same potential as the clock signal CKU. Although the input side 
capacitor 16 provided in the clock input portion of the pumping circuit 10 shown 
in FIG. 1 is not illustrated in FIG. 9, the input side capacitor 16 is actually 
arranged inside the external control circuit 102 of FIG. 9. Note that when a size 
of the pumping circuit 10 is small, the input side capacitor 16 may be arranged 
on the array substrate 101. 

The horizontal clock signal CKH supphed from the external control 
circuit 102 may be directly input to the pumping circuit 10 without passing the 
horizontal clock signal CKH through the level shift circvdt 19. In this case, an 
ampKtude of the horizontal clock signal CKH is previously set to a proper 
potential. 

In the liquid crystal display device 200 according to the embodiment 4, it 
is unnecessary to supply the clock signal CKU from the external control circuit 
102 to the pumping circuit 10. Therefore, even when a location of the pumping 
circuit 10 is moved onto the array substrate 101, new array input pins needs not . 
to be additionally provided in the external control circuit 102, and a circuit for 
generating the clock signal CKU needs not to be provided therein. 

Accordingly, in the liquid crystal display device 200 according to the 
embodiment 4, the stabilization of the output voltage can be realized and a more 
compact size and lower cost of the extei^nal control circuit 102 can be realized 
similarly to the embodiment 1. 
Embodiment 5 

In the embodiment 5, a constitution will be described in which the 
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external control circuit 102 realizes a more compact size and lower cost and 
further achieves a lower power consumption. 

FIG. 10 is a circuit diagi'am of a liquid crystal display device 300 
according to the embodiment 5. Fig. 10 is the circuit diagi'am which corresponds 
to that of FIG. 9, and the same constituent components as those of FIG. 9 are 
represented by the same reference numerals. A basic constitution of the liquid 
crystal display device 300 according to the embodiment 5 is the same as that of 
the embodiment 4. Herein, to eliminate redundant descriptions, descriptions for 
the constitution and the effect common to those of the embodiment 4 and the 
embodiment 1 are omitted, and a constitution and its effect, which are 
characteristic of the embodiment 5, w^ill be described. 

In the embodiment 5, a frequency dividing circuit 20 is provided between 
the pumping circuit 10 and the level shift circuit 19. A frequency of the 
horizontal clock signal CKH, a potential of which has been boosted by the level 
shift circuit 19, is converted to the most suitable fi-equency for driving the 
pumping circuit 10 by the frequency dividing circuit 20. Thereafter, the 
horizontal clock signal CKH is input to the pumping circuit 10. The frequency of 
the horizontal clock signal CKH is usually set to be higher than a frequency of 
the clock signal CKU. Therefore, if the horizontal clock signal CKH undergoes 
only the processing of boosting its potential, the pumping circxxit 10 will be 
operated with a high frequency. Accordingly, a conversion rate of the frequency 
dividing circuit 20 is set such that the frequency of the horizontal clock signal 
CKH is the minimum frequency necessary for driving the pumping circuit 10, 
Thus, the number of operation times of the pumping circuit 10 is made to be 
minimum, so that power consumption can be reduced. 

In the liquid crystal display device according to the embodiment 5, 
similarly to the embodiment 4, stabilization of the output voltage from the 
pumping circuit 10 and more compact size and lower cost of the external control 
circuit 102 can be realized, and lower power consumption of the pumping circuit 
20 can be achieved. 
Embodiment 6 

In the embodiments 4 and 5, the examples, in which the horizontal clock 
signal CKH supplied to the data driver 105 is supplied also to the pumping 
circuit 10, were described. Effects similar to those of the embodiments 4 and 5 
can be obtained also by supplying either the vertical clock signal CKV or the 



vertical start signal STV, which is supplied to the scan driver 104, to the 
pumping circuit 10. 

As a further preferable embodiment, the horizontal clock signal CKH 
(horizontal start signal STH), which is supplied to the data driver 105, and the 
vertical clock signal CI\V (vertical start signal STV) are together used, and any 
of these signals may be selectively supplied to the pumping circuit 10. In 
general, the vertical clock signal CKV and . the vertical start signal STV have 
fi*equencies lower than those of the horizontal clock signal CKH and the 
horizontal start signal STH. For this reason, when the pumping circuit 10 is in 
a standby state in which the circuit 10 is not performing a boosting operation, it 
is effective that the vertical clock signal CKV or the vertical start signal STV is 
used. When the pumping circuit 10 is in an activation state in which the circuit 
10 is performing the boosting operation, it is effective that the horizontal clock 
signal CKH or the horizontal start signal STH is used. Thus, the number of 
operation times of the pumping circuit 10 can be reduced, so that power 
consumption can be reduced. Switching of these signals from one to another can 
be realized by, for example, the circuit structure shown in FIG. 11. 

FIG. 11 is a circuit diagram showing a constitution for switching the 
signals. In FIG. 11, the same constituent components as those of FIG. 10 are 
represented by the same reference numerals. 

In FIG. 11, a sensor circuit 23 is the one that detects the operation state 
of the pumping circuit 10. The sensor circuit 23 can be constituted by, for 
example, a differential amplifier circuit for receiving, Vref and VDD2 in its input 
terminals. An input switching circuit 24 is the one that switches signals input 
thereto, in accordance with a level of a signal output from the sensor circxiit 23. 
The input switching circuit 24 can be constituted by, for example, a clocked 
inverter circuit. 

During the operation of the pumping circuit 10, the power source voltage 
VT)D2 output to each driving circuit is kept at a predetermined voltage. 
However, when the pumping circuit 10 stops the operation, the power source 
voltage VDD2 drops. The sensor circuit 23 compares Vref and VDD2. If VDD2 
is equal to Vref or higher, the sensor circuit 23 outputs a high level signal. If 
VDD2 is lower than Vref, the sensor circuit 23 outputs a low level signal. The 
input switching circuit 24 switches the input from the vertical clock signal CKV 
(vertical start signal STV) to the horizontal clock signal CKH (horizontal start 
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signal STH) if the signal output from the sensoi" circuit 23 is high in level. The 
input switching circuit 24 switches the input fi'om the horizontal clock signal 
CKH (horizontal start signal STH) to the vertical clock signal CKV (vertical start 
signal STV) if the signal output from the sensor circuit 23 is low in level. With 
such an operation, the vertical clock signal CKV (vertical start signal STV) is 
selected when the pumping circuit 10 is in a standby state in which the pumping 
circuit 10 is not performing a boosting operation. The horizontal clock signal 
CKH (horizontal stait signal STH) is selected when the pumping cii'cuit 10 is in 
an active state in which the pumping circuit 10 is performing the boosting 
operation. Note that Vref for the sensor circuit 23 is input from the outside. At 
this time, a desired voltage can be set by regulating a potential by, for example, a 
resistance divide. 

Accordingly, when the circuit structure as shown in the embodiment 6 is 
adopted, since an optimal signal can be selected in accordance with the operation 
state of the pumping ciixuit 10, lower power consumption can be further 
achieved in the embodiment 6 than in the embodiment 5. The sensor circuit 23 
and the input switching circuit 24 shown in FIG. 11 can be appHed to the 
constitution in which only the level shift circuit 19 is provided hke FIG. 9. 
Embodiment 7 

In the embodiment 7, a constitution will be described in which a more 
compact size and lower cost of the external control circuit 102 are realized. 

FIG. 12 is a circuit diagram of a liquid crystal display device 400 
according to the embodiment 7. Fig. 12 is the circuit diagram which corresponds 
to that of FIG. 9, and the same constituent components as those of FIG. 9 are 
represented by the same reference numerals. A basic constitution of the liquid 
crystal display device 400 according to the embodiment 7 is the same as that of 
the embodiment 4. Herein, to eliminate redundant descriptions, descriptions for 
the constitution and the same effects as those of the embodiment 4 and the 
embodiment 1 are omitted, and a constitution and its effect, which are 
characteristic of the embodiment 7, will be described. 

In the embodiment 7, the power source voltage VDDl supplied to the 
scan driver 104 and the data driver 105 is supphed also to the pumping circuit as 
a power source voltage for the pumping circuit 10. In this case, it is unnecessary 
to supply the power source voltage VDDP to the pumping circuit 10 from the 
external control circuit 102 unhke the circuit structure shown in FIG. 9. 
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Therefore, the number of the input power sources from the external control 
cu'cuit can be reduced. 

Accordingly, in the liquid ciystal display device 400 of the embodiment 7, 
a stabilization of an output voltage can be realized similarly to the embodiment 4, 
and a more compact size and a lov^er cost of the external control circuit 102 can 
be realized. 

In the case where the frequency diving circuit 20 of the embodiment 5 is 
combined with the constitution of the embodiment 7, low power consumption can 
be achieved. By adopting a constitution in which a signal input is selectively 
switched in accordance with an operation state of the pumping circuit 10 like the 
constitution in FIG. 11, lower power consumption can be achieved. 
Embodiment 8 

In the embodiment 8, a constitution will be described in which a 
pumping circuit can be arranged on an array substrate without enlarging a 
fiinge region. 

FIG. 13 is a circuit diagram of a liquid ciystal display device 500 
according to the embodiment 8. Fig. 13 shows a circuit configuration principally 
on an array substrate. The same constituent components as those of FIG. 1 are 
represented by the same reference numerals. 

The pumping circuit 110 is arranged in a region A an opposite to an area 
where the scan driver 104 on the array substrate 101 is arranged. A clock signal 
and a power source voltage from an external control circuit (not shown) to the 
pumping circuit 110 are supplied through an external signal line 115 and an 
external power source line 116, and an output voltage from the pumping circuit 
110 is supplied to the scan driver 104 and the data driver 105 through internal 
voltage source linesll7 and 118. An input side capacitor (not shown) provided in 
a clock input portion of the pumping circuit 110 and an output side capacitor (not 
shown) provided between an output portion thereof and the ground GND are 
arranged outside the array substrate 101 similarly to the above descidbed 
embodiments. 

In a general active matrix type liquid crystal display device, the scan 
driver 104 and the data driver lOiS are seldom arranged on both sides of the pixel 
portion 103, and these drivers 104 and 105 are in many cases arranged in a L 
character shape so as to interpose the pixel portion 103 therebetween as shown 
in FIG. 13. The fringe region is secured in the periphery of the pixel portion 103 
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. as an area necessary at the time of mounting. When the pumping circuit 110 is 
arranged near the scan driver 104 as shown in FIG. 1, a necessity to enlarge the 
fringe region in this portion occurs. Particularly, in the case where the TFT is 
formed of polyciystalline Si, when a gate width thereof is made large, also the 
5 fringe region must be large. 

In the embodiment 8, the pumping circuit 110 is arranged in the region A 
on the array substrate 101 as shown in FIG. 13. Since a sufficient area is 
secured for the region A, the pumping circuit 110 can be arrange on the array 
substrate 101 without enlarging the fi^inge region. The fringe region needs not 

10 to be enlarged even when the pumping circuit 110 is constituted by the TFTs 
formed of polycr3^staHine Si and a gate width thereof is made large. As the 
pumping circuit 110 shown in FIG. 13, the pumping circuit 10 described in the 
above embodiments can be used. In this case, the input side capacitor and the 
output side capacitor are ari-anged either outside the array substrate 101 or in 

1 5 the external control circuit. 

FIG. 14 is a circuit diagram showing an example in which a bypass 
capacitor 120 is arranged instead of the pumping circuit 110. Also in this case, 
the bjTDass capacitor 120 can be arranged on the array substrate 101 without 
enlarging the fringe region. The bypass capacitor 120 means a capacitor for 

2 0 stabilizing the power soxirce voltage. 

In the embodiments 1 to 8 described above, the descriptions were made 
for the case in which the present invention was applied to the liquid crystal 
display device. However, the display layer is not limited to the liquid crystal 
layer, but the liquid crystal layer can be replaced with other substance layers. 

2 5 For example, also a fluorescent light emission layer can be used as the display 
layer. In this case, the present invention can be constituted as an organic EL 
panel. 
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